The expression and distribution of the fibroblast growth factor-2 (FGF-2 or bFGF) proteins during early avian embryogenesis has been analysed in detail. Three FGF-2 protein isoforms of 18.520.0 and 21.5 kDa are expressed during gastrulation of chicken embryos. Using whole mount immunohistochemistry, these proteins were found to be predominantly nuclear in prestreak blastodiscs during mesodetm induction. Distribution of positive cells in the epiblast was mosaic, whereas all cells of the forming hypoblast expressed the FGF-2 proteins. During primitive streak formation, the proteins started to translocate to the cytoplasm in epiblast cells but remained nuclear in the hypoblast. The FGF-2 proteins became predominantly cytoplasmic in all cells during the subsequent developmental stages. Their highest levels were detected in endodermal cells underlying Hensen's node and the newly formed notochord, the dorsal apex of all epiblast cells and, most interestingly, in the extra-cellular basal lamina separating the epiblast from newly formed mesoderm. Heparin and suramin treatment of these advanced embryos (stage 4) revealed a dosedependent inhibition on the regression of Hensen's node and formation of mesodermal derivatives such as somites. The results are discussed with respect to current models on FGF-mediated functions during vertebrate mesoderm induction and regionalization.
Introduction
Experiments with Xenopus laevis embryos have shown that members of the fibroblast growth factor (FGF) and activin growth factor families and their receptors play essential functions during mesoderm induction and regionalization (reviewed by Kimelman, 1993; Smith, 1993) . Recent in vitro (Green et al., 1992) and in vivo (using dominant negative receptors; Amaya et al., 1991; Hemmati-Brivanlou and Melton, 1992) studies revealed that FGFs modulate the activin thresholds, thereby regulating the expression of genes marking distinct mesodermal fates (Cornell and Kimelman, 1994; La Bonne and Whitman, 1994 (Kimelman et al., 1988; Slack and isaacs, 1989; Shiurba et al., 1991) and XeFGF transcripts are expressed during the relevant developmental stages in Xenopus Zaevis embryos, but their involvement in mesoderm induction in vivo remains to be established (reviewed by Slack et al., 1992) .
Much less is known about the possible roles of FGFs during mesoderm induction and gastrulation of amniotes. FGF-3, FGF4 and FGF-5 transcripts are sequentially expressed in spatially restricted domains during murine primitive streak formation and gastrulation (for details see Niswander and Martin, 1992) . Furthermore, FGF-2 proteins were found to be potential inducers of primitive streak formation in cultured rabbit pre-implantation embryos (Hrabe de Angelis and Kirchner, 1993) . In the chicken, primitive streak formation and subsequent gastrulation was inhibited when cultured blastodiscs were treated with either suramin or heparin (Mitrani et al., 1990) Cardellini et al., 1994) . Heparin and suramin also affect mesoderm induction, gastrulation and formation of dorsal mesoderm in Xenopus laevis embryos in a dosedependant manner (Cardellini et al., 1994 ; see also : Slack, 1991; Grunz, 1992; Oschwald et al., 1993) . The chicken embryo has recently gained wider attention in the study of the molecular mechanisms controlling mesoderm induction and gastrulation of amniotes (reviewed by Stern, 1992 ). Stern and co-workers have shown that specification of both organiser (IzpisuaBelmonte et al., 1993) and mesodermal precursor cells (Stern and Canning, 1990 ) precedes primitive streak formation and gastrulation. Mitrani et al. (1990) showed that FGF-2 transcripts were expressed during chicken gastrulation, but the temporal and spatial distribution of the encoded gene products remained unknown.
We have used a highly specific antiserum raised against the chicken FGF-2 proteins (Dono and Zeller, 1994) to analyse their spatial distribution before and during gastrulation of the chicken embryo. Biochemical analysis revealed that all three FGF-2 isoforms (synthesised by alternative translation initiation; see Dono and Zeller, 1994) were expressed during early embryogenesis. The proteins were predominantly nuclear during the blastodisc stages preceding the appearance of the primitive streak. Clusters of positive cell nuclei were seen in the epiblast, whereas the protein was present in all nuclei of the forming hypoblast. The FGF-2 proteins translocated to the cytoplasm during primitive streak formation. During subsequent developmental stages, the highest levels of FGF-2 proteins were detected in endodermal cells underlying both Hensen's node and the forming notochord, in the dorsal apex of the undifferentiated epiblast cells and in the extra-cellular basal lamina. Treatment of gastrulating embryos with either heparin or suramin interfered with regression of Hensen's node and somite formation.
Results

Three FGF-2 isoforms are expressed during early chicken embryogenesis
Affinity-purified antibodies against the chicken FGF-2 proteins have recently been raised and used to analyse the FGF-2 distribution during organogenesis and pattern formation (Dono and Zeller, 1994) . These have now been used to study the expression and distribution of FGF-2 proteins before and during avian gastrulation.
Analysis of heparin binding proteins from stage-5 chicken embryos (Hamburger and Hamilton, 1951 (H-H) ) revealed expression of three FGF-2 isoforms of 18.5, 20.0 and 21.5 kDa (Fig. 1, lane 5(h) (Dono and Zeller, 1994) are indicated in kDa.
tion initiation (Dono and Zeller, 1994) . During embryonic stage 5, the 20.0-kDa isoform was the predominant FGF-2 protein expressed (Fig. 1 , compare lanes 5 and 5(h)), whereas the 2 1.5-kDa protein became most abundant during later embryogenesis (Fig. 1 , lane 24; see also Dono and Zeller, 1994) . Specific proteolysis of the 21.5-kDa isoform was a rather unlikely explanation, since both the stage-5 and 24 embryonic extracts were prepared under identical conditions (see Experimental procedures). Analysis of heparin binding proteins from albumen ( Fig. 1 , lane A) and yolk (Fig. 1 , lane Y) showed that all three FGF-2 isoforms (Fig. 1 , lanes 5 and 5(h)) were present in the developing embryo and that the signal could not be due to contamination of the embryonic fraction by albumen or yolk. These results revealed that FGF-2 proteins were expressed during early avian development and therefore their temporal and spatial distribution was analysed in detail (see Figs. 2-4). 
FGF-2 proteins are predominantly nuclear during hypoblast formation and mesoderm induction
The blastodisc of the unincubated egg (about stage X; Eyal-Giladi and Kochav, 1976 (EG-K)) consists of the central epiblast, the surrounding marginal zone, its underlying germ wall margin and the peripheral area opaca (Eyal-Giladi et al., 1992 and Fig. 2) . Formation of the hypoblast during stages X to XII (EG-K) is the first visible morphogenetic event and results in a blastodisc consisting of two distinct cell layers, called epiblast and hypoblast (reviewed by Khaner, 1993) . The hypoblast forms by fusion of an epithelial sheet of cells (originating from the posterior germ wall margin) with scattered small groups of polyingressing cells from the epiblast. Determination of prospective mesodermal cells (mesoderm induction) starts during these early developmental stages (reviewed by Stern, 1992) . Distribution of FGF-2 proteins was analysed during these early determinative stages using unincubated eggs (stage X; EG-K) or eggs incubated up to stage XII (EG-K; see Experimental procedures).
FGF-2 proteins were already present in stage X and XI embryos as shown in Fig. 2 . Clusters of FGF-2 positive cells were detected in the marginal zone and the epiblast, whereas much fewer positive cells were present in the area opaca (Fig. 2B ). The distribution of positive cells in the epiblast was patchy (Fig. 2C ) although more positive cells were reproducibly detected in the posterior compartment of the epiblast ( Fig. 2A and data not shown). All polyingressing and epithelial cells which contribute to the forming hypoblast were strongly positive ( Fig. 2D and E). Most interestingly, this analysis revealed that FGF-2 proteins were predominantly Iocalised in cell nuclei during blastodisc stages X to XII (Fig. 2F) . However, the intranuclear distribution of the FGF-2 proteins was not homogeneous and a negative The posterior cells of the epiblast start to migrate towards the midline after completion of hypoblast formation (stages XIII and XIV, EG-K) and the first morphological sign of gastrulation is the formation of the primitive streak by embryonic stage 2 (H-H; reviewed by Khaner, 1993; Bellairs 1986 ; see arrow heads Fig. 3C ). Whole mount immunohistochemistry and histological analysis of stage XIV (EG-K) embryos revealed the continued presence of FGF-2 proteins in both blastodermal cell layers (Fig. 3A and B) . However, their distribution in the epiblast was more uniform and their subcellular localisation had changed drastically (Fig. 3B) . Concurrent with the marked decrease of nuclear immunostaining, the FGF-2 proteins were mostly detected in the cytoplasm of epiblast cells (Fig. 3B ), although they remained nuclear in all cells of the hypoblast (arrow heads, Fig. 3B ). High levels of FGF-2 proteins were detected in the newly formed primitive streak in embryonic stage 2 (H-H; arrow heads, Fig. 3C ). Histological analysis confirmed the presence of predominantly cytoplasmic FGF-2 proteins in the primitive streak and epiblast (Fig. 3D) , whereas their nuclear localisation persisted in the hypoblast and blastocoelic cells (arrow heads, Fig. 3D ). Thus, nucleo-cytoplasmic translocation of FGF-2 proteins in the epiblast coincided with the onset of gastrulation.
Unequal distribution of the FGF-2 proteins during emergence of the notochord
During gastrulation, the mesodermal and endodermal cells ingress through the primitive streak. Hensen's node, which is the avian equivalent of Spemann's organiser, is located at the anterior end of the primitive streak. The notochord is formed by mesodermal cells moving anteriorly through Hensen's node, whereas the non-ingressing epiblast cells give rise to ectoderm and neuroectoderm (reviewed by . Ectodermal and mesodermal compartments are separated by a morphologically distinct extra-cellular basal lamina (Bellairs, 1986) .
Analysis of stage-4 and 5 chicken embryos (H-H; late gastrulation) by whole mount immunohistochemistry suggested that FGF-2 proteins were most abundant in the region of Hensen's node (Fig. 4A and B) and in the emerging notochord (Fig. 4A) . Histological sections showed their presence in the cytoplasm of all three germ layers ( Fig. 4C and D) . The highest levels of FGF-2 proteins were detected in the endodermal cell-layer contacting Hensen's node (region indicated by arrows; Fig. 4C ) and the notochord (Fig. 4D and data not shown), whereas their levels were lower in the lateral endodermal and all mesodermal cells (including the notochord; Fig.  4C and D) . Furthermore, a very polarised distribution of FGF-2 proteins was observed in the epiblast (Fig. 4C  and D) , where they were localised in the dorsal apex of all cells (Fig. 4D ) and in the basal lamina underlying the epiblast (arrows, Fig. 4D ). This prominent accumulation of FGF-2 proteins in the extra-cellular basal lamina underlying the epiblast (Bellairs, 1986) showed that the proteins were secreted following nucleo-cytoplasmic translocation (Fig. 3) . The unequal distribution of FGF-2 proteins in the three germ layers was maintained in the posterior region containing the regressing Hensen's node during the subsequent developmental stages (data not shown).
Heparin and suramin affect regression of Hensenk node and formation of somites
Heparin and suramin interfere with the binding of peptide growth factors such as FGFs to their receptors and therefore block receptor mediated signalling (see Introduction). Mitrani et al. (1990) have shown that treatment of cultured prestreak embryos (stage X-XII) with heparin and suramin causes a dose-dependant block of primitive streak formation and loss of axial structures. However, the results of this study show that FGF-2 proteins are predominantly nuclear during these stages. The proteins were detected in the extra-cellular basal lamina only during the subsequent stages of mesoderm formation (Fig. 4) . Therefore, it was interesting to test whether heparin and suramin treatment of stage 4 embryos (H-H, late gastrulation) would still affect formation of notochord and somites.
Stage-4 (H-H; maximal streak stage) chicken embryos were cultured and treated with either 50 @ml and 100 &ml heparin or suramin as described by Mitrani et al. (1990;  with small modifications: see Experimental procedures). All embryos were analysed 24 h later (corresponding to H-H stage 10 or 11) when Hensen's node had always regressed posteriorly in untreated controls (arrow heads; Fig. 5A ). In all these embryos, the head structures and the heart were differentiated and lo-14 somites had formed (Fig. 5A and Table, Fig. 5B ). The number of somite pairs formed provide a good morphological criteria to judge development of posterior (i.e developmentally younger) mesodermal structures (see, for example, Stern et al., 1992) .
Treatment of stage 4 embryos with both heparin or suramin caused similar dose-dependant inhibitory effects on regression of Hensen's node and formation of somite pairs (Fig. 5B-F) . Treatment of embryos with either 50 pg/ml heparin or suramin resulted in a significant retardation of Hensen's node regression (arrow heads, Fig. 5C and E) and in a reduction in the number of somite pairs formed (less than 10) in a substantial portion of all embryos (for details see Table, Fig . 5B). Treatment with a dose of 100 pg/ml heparin or suramin severely affected Hensen's node regression (arrow heads, Fig. 5D and F) and caused a drastic reduction in the number of somite pairs formed (for details see Table,  Fig . 5B). In general, a larger number of somite pairs formed when Hensen's node had regressed more posteriorly (compare Figs. 5C and E to 5D and F). Histological analysis confirmed the positions of the fully (untreated; arrow heads, Fig. 5A ) or partially regressed Hensen's node (heparin or suramin treated; arrow heads, Fig. 5C-F) and the presence of a notochord anteriorly to Hensen's node in all embryos. Somites formed after treatment appeared to be less differentiated than their untreated counterparts. Effects on differentiation of other structures derived from all three germlayers as a result of both heparin and suramin treatment were also apparent (data not shown). However, these defects in differentiation were secondary to the effects on regression of Hensen's node and therefore not considered relevant for this study.
Discussion
Biochemical analysis reveals expression of three related FGF-2 proteins in early chicken embryos. It has been previously shown that these three proteins correspond to isoforms arising from one open reading frame by alternative translation initiation (Dono and Zeller, 1994) . During organogenesis of the chicken embryo, the 21.5-kDa FGF-2 protein was most abundant, whereas the 20.0-kDa FGF-2 isoform seems most prominent in stage 5 (H-H) embryos (this study). No evidence for distinct functions of the three isoforms has been obtained to date (see e.g. Iberg et al., 1989 ; discussed by Dono and Zeller, 1994) but differential expression of FGF-2 isoforms has also been reported in rat cardiac ventricles (Lui et al., 1993) and its central nervous system (Gior-dano et al., 1992) . These results indicate that alternative translation of FGF-2 proteins must be regulated by, as yet unknown, developmental stage-and tissue-specific mechanisms.
The FGF-2 proteins were found predominantly in the nuclei of blastodisc cells during the developmental stages preceding primitive streak formation. Whereas the proteins are present in all the hypoblast cell nuclei, mosaic patches of positive cell nuclei are seen in the epiblast. Studies by Stern and co-workers (reviewed by Stern, 1992) have shown that mesoderm induction in avian embryos is a multistep process. A sub-population of epiblast cells become committed to mesodermal fate during prestreak blastodisc development (Stern and Canning, 1990 ) at a time when the FGE-2 proteins are predominantly nuclear. These prospective mesodermal and endodermal cells express the HNK-1 epitope and their distribution in the epiblast is also patchy. Interestingly, the subcellular distribution of the HNK-1 antigen in the epiblast shifts from an association with cellular organelles to the membrane during mesoderm induction, whereas it remains predominantly organelleassociated in the hypoblast (Canning and Stern, 1988) . Comparing equivalent embryonic stages of Canning and Stern (1988) to the ones in this study reveals that the clusters of HNK-1 positive cells in the epiblast appear smaller than the patches of FGF-2 positive cells. Due to the low abundance of the FGF-2 proteins, we have unfortunately not been able to determine whether the FGF-2 and HNK-1 antigens overlap (data not shown). Nuclear localisation of FGF-2 proteins during mesoderm induction is evolutionary conserved since Shiurba et al. (1991) also reported that nuclear translocation of FGF-2 proteins occurs during mesoderm induction in Xenopus luevis embryos. These authors showed that FGF-2 proteins are nuclear in amphibian vegetal pole cells, considered functionally equivalent to the avian prestreak hypoblast cells (reviewed by Stern, 1992) . Furthermore, FGF-2 proteins were nuclear in amphibian marginal zone cells (Shiurba et al., 199 1; Godsave and Shiurba, 1992) which might be homologous to the mosaic population of avian epiblast cells containing FGF-2 proteins in their nuclei. This tight regulation of the subcellular distribution of FGF-2 proteins during embryogenesis (Shiurba et al., 1991; Godsave and Shiurba, 1992; Dono and Zeller, 1994 ; this study) suggests that nuclear FGF-2 proteins are involved in specific determination and differentiation processes. Little is known about the possible functions of FGF-2 proteins in the nucleus, but studies using cultured cells point to roles in initiation of cell proliferation (Baldin et al., 1990) and/or in transcriptional regulation of specific genes (Nakanishi et al., 1992) . Wiedlocha and coworkers (1994) have recently shown that both stimulation of DNA synthesis by nuclear FGF-1 proteins and FGF receptor mediated signal transduction are essential to initiate proliferation of cultured cells in response to exogenously added growth factor. The predominantly nuclear localization of FGF-2 proteins during mesoderm induction suggests that they might function by a similar dual mode. However, studies by Thompson and Slack (1992) suggest that FGF-2 proteins are not secreted from Xenopus laevis embryonic cells and there is no direct evidence in support of a role in signalling during amphibian mesoderm induction (see also Slack, 1991) . The possible roles of FGF-2 proteins during vertebrate mesoderm induction remain, therefore, unknown and need to be resolved by further experimentation.
The FGF-2 proteins translocate to the cytoplasm and acctumulate in the extra-cellular basal lamina following their secretion during avian gastrulation. Evidence for regulated secretion of FGF-2 proteins has been previously provided by the analysis of fibrosarcomas (Kandel et al., 1991) . These studies revealed that stagespecific secretion of FGF-2 proteins is a crucial step in neo-vascularization during tumor progression of fibrosarcomas. The observed polarized distribution of FGF-2 proteins in advanced gastrulating embryos suggests a role in morphogenesis of posterior mesodermal structures (reviewed by Stem et al., 1992 ; see also Garcia-Martinez and Schdnwolf, 1992) . Treatment of stage 4 (H-H; late gastrulation) embryos with both heparin and suramin provided experimental evidence for the continued requirement of receptor mediated growth factor signalling during late gastrulation. A striking, dose-dependant inhibitory effect of both substances on regression of Hensen's node, formation of somites and posterior structures was observed (see also Mitrani et al., 1990 ). Hensen's node has been postulated to contain a population of notochord and somite precursor cells with stem cell-like properties Stem, 1991, 1992) . The descendants of these cells seem to acquire their positional cues according to the number of cell divisions they have undergone and the time they spent in Hensen's node (reviewed by Stern et al., 1992) . It is feasible to assume that heparin and suramin could directly affect proliferation of these stem cells by blocking the function of an essential peptide growth factor. This primary defect in turn would result in the observed arrest of Hensen's node regression, block somitogenesis and cause posterior truncations of the primary embryonic axis. Interestingly, high levels of FGF-2 proteins are present in the endodermal cells contacting both Hensen's node and the forming notochord. It is quite possible that the FGF-2 proteins produced by the endodermal cells are released and act on the cells of Hensen's node and its derivatives.
The basal lamina, a morphologically distinct extracellular matrix separating the cells of the epiblast from the underlying mesenchyme is directly contacting the epiblast cells that ingress during gastrulation to form mesoderm (Harrison et al., 1991; reviewed by Bellairs, 1986) . FGF-2 proteins accumulate both in this basal lamina and in the dorsal apex of all epiblast cells. Interestingly, another peptide growth factor, TGFBl, is also localised in the dorsal apex of the epiblast during gastrulation (Sanders and Prasad, 1991) but nothing is known about the possible functions of this polarized distribution. Recently, it has however been shown that FGFs modulate the activin thresholds leading to induction of distinct mesodermal genes during Xenopus laevis gastrulation (Cornell and Kimelman, 1994; La Bonne and Whitman, 1994) . The co-localisation of TGFPl and FGF-2 in the dorsal apex of the avian epiblast suggests that a similar functional interaction might occur during avian gastrulation or the subsequent formation of the neuro-ectoderm. The results presented in this study provide the basis for a further functional analysis of the role of FGF-2 proteins during amniote gastrulation. Dono and Zeller (1994) with the following minor modifications: Heparin binding proteins were enriched starting from 25 mg (Fig. 1 A, lanes 5(h) , A and Y) or 5 mg (Fig. lA, lanes 5 and 24) of total protein and separated on 15% SDS-polyacrylamide gels. Blots were incubated with affinity purified chicken FGF-2 antibodies (Dono and Zeller, 1994) for 24 h (instead of overnight) and immunocomplexes were visualised using an enhanced chemoluminescence (ECL) detection kit (Amersham) instead of an alkaline phosphatase colour reaction. 
Chicken embryos
Fertilised chicken eggs (White Leghorn) were used either unincubated or after 5-24-h incubation at 37°C. Prestreak embryos were staged according to Eyal-Giladi and Kochav (1976; EG-K; stages X-XIV), whereas gastrulating embryos were staged following Hamburger and Hamilton (1951; H-H; stage 2 onwards).
Enrichment of heparin binding proteins from gastrulating chicken embryos
Embryos were dissected, their vitelline membranes removed, cleaned thoroughly from yolk in ice-cold PBS containing 0.2 &ml Pepstatin, 2 j&ml Leupeptin, 2 &ml Aprotinin and 0.5mM PMSF (Sigma) and then frozen in liquid nitrogen and stored at -80°C. About 600 gastrulating chicken embryos (H-H stage 5) were collected for the analysis shown in Fig. 1 and yielded about 30 mg of proteins. Heparin-binding proteins were enriched from 5 mg and 25 mg of total proteins and used for immunoblot analysis as described by Dono and Zeller (1994) . To check for a possible cross-contamination of the embryonic protein fraction by FGF-2 proteins stored in egg albumen or yolk, three incubated eggs (containing stage 5 embryos) were separated into albumen and yolk and 25 mg of total proteins from each fraction were used to enrich heparin-binding proteins. The protein content of all samples was determined using a protein determination kit (Biorad Laboratories) and the integrity of all protein extracts was analysed by silver staining of 15% SDS-polyacrylamide gels (Ausubel et al., 1987) . The analysis shown in Fig. 1 was repeated twice using independently prepared protein extracts from stage 5 (H-H) embryos.
A modified version of the protocol described by Davies et al. (1991) was used: Embryos were dissected, cleaned of yolk and fixed in 4% paraformaldehyde for 15 min at room temperature. They were then rinsed in PBS and stored overnight in methanol containing 25% DMSO (MD) at 4°C. Endogenous peroxidases were bleached by a 5-h incubation in MD containing 5% Hz02 at room temperature. Embryos could then be stored in methanol at -20°C for several weeks if required. Following rehydration, non-specific binding sites were blocked by an overnight incubation in PBS containing 0.5% Triton-X100, 5O/o non-fat milk and 5% goat serum at 4°C. The affinity purified chicken FGF-2 antibodies (Dono and Zeller, 1994) were diluted in PBS containing 0.5% Triton-X100, 2% non-fat milk and 5"/0 goat serum (PTMG) and embryos were incubated for at least 24 h at 4°C. Subsequently they were washed with PTM (PTMG without goat serum; seven changes) for 5 h at room temperature and then incubated overnight (at 4°C) with goat anti-rabbit F(ab')z fragments (conjugated to horseradish peroxidase; Jackson Immunoresearch) diluted in PTMG. The final washes in PTM were carried out as described above and the embryos were then rinsed twice for 5 min in PBS containing 0.2% BSA and 0.1% Triton-X100 (PBT). The horseradish peroxidase staining reaction was carried out in PBT as described by Davies et al. (1991) . After analysis of the whole mount stained embryos, they were embedded in Histowax (Reichert-Jung) for histological analysis. Dewaxed histological sections were counterstained with Hoechst 33258 to reveal nuclei. The specificity of the staining patterns was routinely assessed by incubating control embryos with equal concentrations of either preimmune rabbit IgGs (Harlow and Lane, 1988) or specifically competed FGF-2 antibodies (for details see Dono and Zkller, 1994) instead of the FGF-2 antibodies. The reproducibility of the observed FGF-2 distribution patterns was controlled by independent analysis of at least nine embryos per developmental stage.
Immunoblotting
Heparin or suramin treatment of cultured chicken embryos
Immunoblot analysis was carried out as described by Chicken embryos were cultured and treated with heparin or suramin as previously described by Mitrani et al. (1990) with the following minor modifications (adapted from Sundin and Eichele, 1992) : Culture dishes were prepared with 0.3% agar in RPM1 and the appropriate concentration of heparin or suramin was added when required. The embryos were isolated using paper rings and rinsed in RPM1 (containing heparin or suramin) before layering them ventral side up onto the RPMI-agar. The optimal amounts of heparin and suramin were determined in a series of test experiments as follows. Primitive streak formation was inhibited by treating stage X-XII embryos with increasing concentrations of heparin or suramin (25 to 100 &ml) as described by Mitrani et al. (1990) . As in these studies, concentrations in the range of SO-100 ,utglml heparin or suramin were most effective in blocking primitive streak formation. Therefore, these concentrations were used to treat stage 4 (H-H) embryos (see Fig. 5 ). Embryos were cultured for 24 h (Mitrani et al., 1990) , rinsed in PBS and fixed with 4% paraformaldehyde in PBS for 12-16 h. Following microscopical analysis, they were processed for histology as described above.
